Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
Summary
In total, 108 compounds have been used for enrichment culture and 85 compounds produced colonies (when used as the sole source of carbon and energy). In this reporting period, we have completed sequencing candidate organisms and are nearly finished with genome assembly and bioinformatic analysis of these microbes. In agreement with expectations and earlier phylotyping results, pseudomonas species predominate. Close scrutiny of a fully assembled and annotated genome has revealed the presence of more than 100 transcription factors and at least 20 biodegradation clusters that also contain transcription factors. Six of these transcription factors are prime candidates for recognizing the corresponding carbon source (chrysin) because the assosicated degradation pathways are rich in enzymatic activities for processing the chemicals ring structures. Constructs for cloning and evaluating transcription factors and gene clusters have been made and verified.
Introduction
The overall goal in this contract is to link cell-based production to cell survival and thereby make the engineering of new microbial strains that produce industrially relevant biochemicals routine. Recent synthetic biology techniques can make billions of variant cells. Although, many potentially informative mutants are easily made, product yield can only be determined in a few of these. The majority of industrially relevant biomolecules are not chromophores, naturally discernible, or otherwise easily detected. Nevertheless, genetic circuits are capable of linking chemical production to discernible signals such as growth or color intensity. Such a system would allow numerous mutants and mutant combinations to be examined quickly. Genetic circuits needed to screen mutant populations in parallel rely upon the availability of an appropriate biosensor that activates a reporter gene in a product dependent fashion. In this project, genes for twocomponent and one-component signaling systems (that respond to industrially relevant biomolecules) are identified using microbial growth assays, sequencing, and quantitative PCR (qPCR). To demonstrate that such sensors can be used to maximize product yield, one sensing system will be further engineered. We will reformat this sensor so that it drives expression of a reporter such as an antibiotic resistance marker. This sensor/resistance cassette, and a biosynthetic pathway capable of producing the molecule to which the sensor responds, will be placed within a heterologous host that does not have an overlapping pathway. Basal synthesis of the targeted chemical (by the orthogonal biosynthetic pathway) activates the sensor and increases transcription of the resistance marker (i.e. reporter). In other words, the fermentation product is also the sensor ligand and thus, biosynthesis drives production of the reporter and cell survival. Antibiotic levels in the media will be adjusted so that basal product yield, and hence basal marker activity, is insufficient for survival. Targeted, genome-wide and barcoded alterations to the host genome will then be installed. Variants with better and better chemical production survive by virtue of their ability to withstand increasing antibiotic challenge.
Methods, Assumptions and Procedures
Over the next two quarters we were slated to experimentally validate 5-10 candidate transcription factors by measuring their response to exogenously supplied substrates (i.e. task 5). Some of the work necessary for this task was moved forward due to the delay in sequencing. Thus we have assembled and verified two vectors for screening transcription factors and associated catabolic clusters. The modular assembly vector places a tetA reporter under control of the T5 promoter and the transcription factor under constitutive expression. The T5 promoter is fused with putative operators that respond to the transcription factor. The initial construct responds to cumate. We have assembled the vector so that other transcription factors and operators can be swapped into the construct to replace elements in the test vector that are specific to cumate. All that is necessary is amplification and assembly of 3 DNA fragments. Likewise, we have created and used a TAR cloning vector for transferring catabolic clusters to E. coli. A pseudomonas nicotinic acid catabolic cluster and transcription factor were captured to test this vector. For this approach, candidate transcription factors are identified by growth of E. coli on the target substrate (i.e. by complementation).
The original plan was to complete sequencing last quarter and finish analysis this quarter. Sequencing (and thus analysis) was delayed because the manufacturer had backordered library construction kits. Sequencing has now been finished and the corresponding genomes are being analyzed. During this delay, we realized that our original plans for bioinformatic analysis could be improved by identifying transcription factors that were adjacent to or within catabolic gene clusters. Largely, this approach is analogous to antiSMASH, which focuses on identifying anabolic pathways. Thus, in our new approach, we prioritize transcription factors based on their clustering with catabolic enzymes. For each chemical structure, enzymes likely needed for its degradation can also be predicted to further identify prime candidates. This additional analysis has now been implemented and will inform the design of differential qPCR experiments and downstream verification.
Results and Discussion
One-hundred-eight compounds have been used as the sole carbon and energy source for microbial growth (M9 salts supplemented with a target chemical). Colonies were produced for eighty-five compounds (~80%).Sixty-nine clones were selected. Sixty-five of these passed quality controls, have been sequenced, and the respective genomes assembled. Bioinformatic analysis has been improved and is partially completed. Annotation, transcription factor identification, and catabolic gene cluster identification have been finished for ~15% of the sequenced and assembled clones. An assembled, annotated, and auto-analyzed genome was scrutinized by hand and revealed 20 biodegradation clusters with corresponding transcription factors. Six of these are prime candidates for recognizing the corresponding carbon source (chrysin) because the assosicated degradation pathways are rich in enzymatic activities for processing the chemicals ring structures. This indicates that we will be able to experimentally focus on transcription factors with a high probability of responding to a specified target chemical. We have assembled and verified two vectors for screening transcription factors and associated catabolic clusters. These will be used to verify that a specified transcription factor responds to a target chemical.
Conclusions
The results indicate that a chemical made by one organism is likely to be used as food by some other microbe. Bacteria typically utilize the most efficient carbon source available (glucose often being the preferred substrate). More exotic carbon sources are generally subject to catabolite repression and systems for their utilization are activated after preferred carbon sources are exhausted. Besides catabolite repression, sensors are often employed so that the appropriate degradation pathway for a non-preferred carbon source is activated. Our sequencing results have identified organisms rich in transcription-factor based sensors that are integrated with appropriate Rapid parallel screening for strain optimization (HR0011-12-C-0062) catabolic gene clusters. The next step is to experimentally test individual sensors for their ability to respond to a specified carbon source. This will set the stage for downstream work on the overproduction of such molecules. Identification and experimental validation of specific sensors is indispensable but current results are promising: 1) most target chemicals (~80%) readily produce microbial growth, 2) colony morphology, etc., suggests that different target chemicals resulted in the isolation of different microbial species, 3) automatable procedures can be used if highthroughput screens are needed in the future, 4) about 70% of recovered organisms are from the genus Pseudomonas, consistent with the commonplace identification of sensors and degradation pathways within this genus when anthropogenic chemicals are used as targets, 5) fully sequenced and annotated genomes are rich in transcription factors, and, 6) in the first fully analyzed case, several transcription factors are part of catabolic gene clusters that might degrade the corresponding chemical. 
Statement of Work

Planned Activities for the Next Reporting Period
During the next reporting period we will finalize bioinformatics analysis select candidate genes, and verify them by qPCR and their response to target chemicals in a heterologous host. Based on the currently authorized work:
Program Financial Status
 Is current funding sufficient for the current fiscal year? Yes  What is the next fiscal year funding requirement at current anticipated levels? The budgeted amount for Year 2 of the project is $396,905.25.  Have you included in the report narrative any explanation of the above data and are they cross-referenced? Not applicable; current funding is sufficient for the current fiscal year.
